The first synthesis of isochromene fused carbazols, (4aS, 13bR)-2,5, 5-trimethyl-3,4,4a,5,8,13b-hexahydroisochromeno[3,4b]carbazole (2) and its epi-isomer 3 by condensation of citral and 2-hydroxycarbazole using Ti(OEt) 4 and MeAlCl 2 as catalysts is described.
Natural pyranocarbazole alkaloids have been found in several genera of the Rutaceae family such as Murraya [1a-1c] and Glycosmis [2] . Pyranocarbazole alkaloids showed cytotoxic [3] and antimutagenic [4] activities. There have been many attempts to synthesize various types of pyranocarbazoles and analogues by different routes [5] [6] [7] [8] [9] [10] [11] [12] . Generally, the fused pyran ring was constructed by Friedel-Crafts type condensation of a phenolic compound with an aldehyde in the presence of a Lewis acid catalyst, followed by cyclization. The condensation of different hydroxycarbazoles with citral was carried out in either pyridine [5] or in pyridine with 2% of benzoic acid [6] , or in the presence of acetic acid in 1-butanol [7] . When 2-hydroxycarbazole condensed with citral, the reaction was found to be regioselective and not regiospecific [8] , yielding non-linear pyranocarbazole as the major product and the linear isomer as the minor one.
Other authors have tried to construct the pyran skeleton (2H-chromene) using organotitaniummediated condensation of α,β-unsaturated aldehydes with phenols [9] [10] [11] , or based on the thermal condensation of an alkynol and the phenol in an apolar solvent with Lewis acid catalysts, such as p-toluenesulfonic [12] , phenylboronic acid [3] , and pyridinium p-toluenesulfonate [12] . This method was applied to synthesize 2,2-disubstituted[2H]-chromene derivatives with photochromic properties [9, 10] . The reaction of an α,β-unsaturated aldehyde with a Ti IV -phenolate leads to C-alkylation in the ortho-position. Subsequent electrocyclization yields the 2H-1-chromene moiety. The synthesis and photochromic properties of a series of 2,2diphenylpyranocarbazoles with non-regioselective cyclizations were reported [9] .
We attempted to synthesize pyranocarbazole by condensation of citral (mixture of cisand trans-forms) with 2-hydroxycarbazole (1) by using Ti(OEt) 4 as catalyst. Surprisingly, an isochromeno [3,4-b] carbazole and its epi-isomer were formed as main products. To the best of our knowledge, there has been no report so far on the synthesis of either an isochromene ring or isochromeno [3,4-b] carbazole formation catalyzed by Ti(OEt) 4 . In this paper, we report for the first time the synthesis and structure elucidation of two new dimethyl-1H-isochromeno [3,4-b] carbazoles using Ti(OEt) 4 and MeAlCl 2 as catalysts.
Citral, an α,β-unsaturated monoterpenoid aldehyde with an additional double bond, was condensed with 2-hydroxycarbazole (1) with Ti(OEt) 4 catalyst. Depending on the conditions, this yielded a series of products, which could be visualized by TLC. Of those, the main products were purified by preparative HPLC to afford 2 and 3 in a ratio of ca. 6:4 (Scheme 1). The structure of 2 was determined by the analysis of GHSQC, GHMBC, ROESY, 1D NOESY, and COSY spectra.
The ESI-MS spectra of 2 and 3 showed both the [M+H] + and [M-H]ions at m/z 318 and 316, respectively, corresponding to the condensation products with the designed molecular weight of 317. The HR-MS of 2 showed an ion at m/z 318.1852, corresponding to the molecular formula C 22 H 23 NO. The 1 H NMR spectrum of 2 showed two singlet signals at δ 6.71 and 7.98 (Table 1) , which were assigned to H-3 and H-6, respectively, based on the GHSQC and GHMBC spectra. Furthermore, the NMR data of 2 confirmed the presence of an isochromene ring formed by a connection between the former carbonyl carbon C-7′ and C-2′. The aliphatic methine proton signal at δ 1.69 (H-2′) displays HMBC correlations to the carbon signals at δ 123.4 (C-6′), 116.9 (C-5), 31.9 (C-7′), 29.9 (C-4′), and 19.4 (C-3′ The 1 H and 13 C NMR spectra of 3 resemble those of 2 with small differences concerning the isochromene ring signals (see Table 1 ). Most importantly, the vicinal coupling constant 3 J H-2′/H-7′ of 11.1 Hz proved the 1,2-trans-diaxial orientation of H-2′ and H-7′, which is also confirmed by the NOE interaction of H-7′ and the axial oriented proton at C-3′. Thus, 3 is the epi-isomer of 2 at the 2′-position.
The formation of compounds 2 and 3 can be explained by the ene-type Friedel-Crafts reaction of citral with the electronically and sterically favored 5-position of 2-carbazolol. Following route B, the resultant benzylic Ti(IV)-alcoholate may eliminate to
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Natural Product Communications Vol. 4 (7) 2009 923 the ortho-methanoquinone intermediate B [10] , which can react in a hetero-Diels-Alder-reaction to give trans-compound 3; less likely the cis-epimer 2 due to steric constraints. Formation of the cisdiastereomer may be explained by subsequent Lewis acid catalyzed benzylic (allylic) isomerisation at C-7′. However, the cyclization may alternatively follow a stepwise cationic route A, which has precedence in common terpene cyclizations, and allows direct access to both diasterisomers 2 and 3, and thus appears most likely to us. Following this, allyl cation A 2 would react with the terminal double bond faster than a deprotonation to methylenequinone B would occur. The competing quinone formation might be slower as it requires coplanarity of the allyl cation and the phenyl π-systems (or ipso-proton), as well as a proton acceptor.
If MeAlCl 2 were used instead of Ti(OEt) 4 , the products of the reaction, analyzed by TLC, were similar to those obtained with Ti(OEt) 4 , but the reaction was less clean. The main products, purified by CC, were determined to be a mixture of 2 and 3.
In conclusion, the condensation of citral with phenol in the presence of either Ti(OEt) 4 or MeAlCl 2 yielded a multitude of products, similar to reactions with other catalysts reported previously [7, 8] . However, the main product 2 is a new angular isochromene carbazole. Following the mechanism proposed in scheme 1, condensed carbazoles 2 and 3 were formed by condensation of 1 with cis-citral. This condensation pattern strongly contrasts with that found previously. The condensation using Ti(OEt) 4 was found to be preferable for syntheses of gem-disubstituted benzopyrans [12] . Oliveira [9] reported the formation of pyrano[2,3-a]-and pyrano[3,2-a]carbazole using Ti(OEt) 4 as a catalyst.
In their synthesis, Friedel-Crafts-condensation of the α,β-unsaturated aldehyde to the ortho-position of the phenols is followed by a Mukaiyama-type (or electrocyclic) cyclization of the intermediate allyl alcohol with the phenol-oxygen to form the pyran. The original β-olefinic carbon of the aldehyde thus forms carbon-2 of the pyran ring in their syntheses [3, [9] [10] [11] [12] . In our condensation mode, however, the β-carbon ends up in the 6′-position (2), i.e. it is located exocyclic to the pyran ring moiety. 
